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ABSTRACT

The research experiments on relational learning in
young children contained in this report were guided by two maijcr
goals: (1) to examine the extent of conceptual transfer in preschool
children, and (2) to explore the relation of both "acquisition" and
"transfer" to chronological development. The performance of preschool
children on several oddity tasks dealt with transfer between oddity
protlems in which stimulus types were Identity-Cifference,
Identity-Similarity, or Similarity-Difference. EBased upon perfcrmance
in these tasks, children were assigned to either of two groups and
the relation of age to acquisition and transfer was explored, using
the standard oddity presentation. A final series of five experiments
were run with nursery school children investigating the pcssitle
perception of both the perceptual and numerical differences present
in a standard oddity task as well as the variables controlling
initial acquisition of a numerical difference problem. The data from
these studies indicate that considerable cognitive evaluation is
possible in preschool children. (Author/CS)
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Suumary Stactement of Progress hade Toward fchlevement
£ Stated Aius as Presented in Reseascl G: t MI20L95

CA

The rusearvch dona with the supnort of grant 120195 was gulded by two
major goals. These were to a) cramine the euceint of concepuu:_ tronsiaer ;n
reschool childzen, and b) to cxplowe tuc welnllon ol boch acowisiiion and

transfer to cnronological developmeni.

g Lnie

. .

cst olin was investimated in thvee diffcueat ways. Oue of

t;\ L.

it with transfer besween oldicy probicms in which identities were

based either on perceptual matching {e.g. Mickey ifouse sitting vs. an identdi-
3

cal pilcture of Mickey rHouse sitting) or character matching (e.g. Donald Duck
switsine vs. Donald Duck raking lecaves), and where differences were either

toval {e.g. a boat vs. Snow White) or partial (e.g. Bugs Bunny eating a carrot
vs. Bugs Buany looking out of a window). These stimulus types were combined
into three displays using a) two identical and onc different picture, b) two
identical end ome similar piciure, or ¢) two similar and one aifferent pic-
ture. Thesc were ;;rmgd Identicy-Difference, identity-Similarity, and Simi-
larity~Difference 0dcity respectively. TFigure 1 presents a visual example

of these threce oddity problems.

Conceptual transfer was further examined within the confines of a single
oddity array, but where the particular presentation (repeating vs. non-repcat-
ing picturss) and dimension carrying the oddity relationship (odd color, odd
form, etc.) were shifted. The pictures used on the oddity displays were
either from & totzl pool of three pictures, which resulted in particular pic-
tures being used over and over, sometimes as the codd picture and sometimes
as the identical victures, or from & theoretically infinite pool, such that
no picture used once was over used agein. The oddity relationsiiip was defined
elgher with redundant dimensions {color plus size plus shape, etc.) or with
a single dimension {(color or form).

Tue relation of age to acquisition aud traunsfer was explored in two of
the studies which used the standard oddity presentation. It was found that
with acquisition of the Identity~-Similarity and Similarity-Difference oddity
displays there was a very high failure rate associated with children from four
to five years of age. Further work oa acquisition of the oddity variations was
indicated before a successful comparison with younger childreir could be made.
However, pilot data was gnthered on three-year-olds performance on the I-S and
S-D problems aiter acquisition on the standard I-D oddity display. Even using
the standard problem as the initial criterion problem, however, there was a
considerabic failure rate associated with the initially presented problen.
Performance was not considered across several developmental levels on the
numerical oddity problems either. These were primarily exploratory studies
to tracik down the critical control variables on a single age group with
attempts to explore developmental trends left until later. Some developmen-
cal data will be gathered imminently since the end of the series of small
studies resulted in a successful manipulation of a nume~ical oddity display.
Tlat is, acquisition of a nuwber oddity »roblem (defined as two VS. LwO Vs.

one) was met by all children in one particuley zroup. We expect to use this
dxap-qj as the basis foxr examining transier irom a standard array to this
nuzerical array, and ©o examine transier from Chis simple restrictive numer:
s

)~ ]
cal array to . broader relational number oddiiy oi zn where there arve any
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IDENTITY -DIFFERENCE (I-D) ODDITY

Figure 1. Pictorial exanmnles of the three oddity variations.
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ccubination of number of instances, c.g. two vs. {our vs. four; six vs. six
V. three; five vs. six vs. ilve, ctc. Here the nusver ol instances in two
groups are identical and differvent from the thurd. Lhe vrelation of initial
acquisition and bredih of trausfer will then e considered as a function of
chronological age. ' ’

Tinally aon attempt was nade to
ceptual coddity end an oddéduy problaic L wiiees oo L
cal groupings. ‘The indtial question aslo
5

Coyu L tvonalor hetweon o
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Te o inat dn oa

ClaAuTein Wers ovwa
.

stenaard ILdentivy-Differcace problom, the winner is bech perceptually differ=—

O

[
ent frem the other two pictures and the singlie ianstance of a picture. Yhis
questlon led to inmdtlal attempis ot tvansfer to numevical oddity problems
cnd also to o scries of studies attempting to discover the variables con--
troliing acquisition of a numerical oddity array. It became evident that
wless a numerical avray were devised which could be learned by a control
group, it would not be possible to get a good test of transfer tc a numerical

oddicy problem from the staenderd perceptual oddity array. That is, if the
numerical array were presenced more favorably then it would become evident,
by thelr concinued perfect performance, that young children did have this
rulti-attribute solution of a standard- oddity problem. Given a numerical
oddity probiem which could be lecaraned easily, then the presence or absence
of this numerical attribute could be feirly assessed.

Where possible caronologziczl age has been included as a factor. The
exceptions are where technical problems, such as high failure rates, preclude
a meaningiul developiental study.

Some current theories posit very limited cognition or mediated behavior
in young children. Tie present data and other research by the investigator
shows that children under four years are capable of complex mediated behavior.
The interesting question is how this behavior develops and most immediately
for the extension of the present experiments to examine possible developmental
trends in bredth of tramsfer. A prerequisite to such an investigation is a
treining technique which will increase the number of three- and four-year-
olds who can acquire the basic oddity concept. While some studies found a
high degree of leamming in four-year-olds (Scott, 1973), the samples in some
of the studies reported here did not have a high learning rate. More effi-~
cient and relieble oddity training is needed to get a sufficiently large
number of children on the initial task. Only then can meaningful data on
bredth of transfer be obtained.
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Aruitoxt provided by Eic:



BEST COPY AVAILABLE

Suamary oi Designs and Experimontal Results

Acauisition and transfier between I-D, I-S and S5-D Qddity

Firfty-four children were randomly ass
group of 18 children was presented one of
as initial rasks. &fter learning the prodi..., to do so, the
children were assigned to onz of the two rou.anin, ! problems for trans
fer perfornanc; to be assessed. Aa attempi woes w.ale fo balance the asuija-
nent of learners and fu‘lULC children, Ail the chilawven were four years of
age or & few months over.

three groups. Fach
of oddity nroblems

Results

1. The standard Identity-Difference (I-D) problem was icerned more easily
than either Identity~Similarity (I-S) or Similarity-Difference (S-D) 0ddity
in terms of errors and trials to criterion. The I-S and S-D problems did
not differ significantly.

2. These ciffereaces seen to be primarily due to the different number
of children who leara. When a ccmparison of the three oddity types was made
conisidering only the children who did learn (still in terms of errxors or
trials to criterion), group differences were mo longer present in the data.
Only 2/18 children failed the I-D problem, 7/18 failed the I-S probiem and
11/18 failed the $-D problem.

3. Since thiere was some difference between the two oddity variations in
teres of number of failures, even though these differemces were not signifi-~
cant with this sample of children, it scems possible that these two oddity
variations could, with a different sample of children, prove to be realiably
different. Several comparisons would lead to more stable estimates.

4. Considering only the learners of the ori”;1a1 problems and their
performance on the transfer problems, botir I-D and I-S oddity pioblems were
ilecarned significantly more rapidiy as transfer problems following previous
leurming of one of the other oddity displays. The S-D oddity problem was
not learned wore rapidly as a transfer problen.

5., The &
lecrned the o
The rean erro:
from the I-S o

e periormance o the transfer tasks of the children who
al probleus was very nigh for the I-D and I-S oddity types.
ce by the eight children transferring to the I-D proulem
S-D oddity set was .12. Similariy, of the 12 children trans-—
ferring to the I-S display from the I-D znd S-D problems, only one child
failed to maintain near pexfect performance, with the remaining 11 children

naving made only .82 mean errors. This suggests that there is considerable
filcuibility in the use and application of ome oddity rule to varying situa-
tions, even with four-year-old children. Transfer parformance to the S-D
prebicm was poor. Three out of fourtcen failed 1t ccapletely, three made
wore cnan 10 oxwors befeove learniang the task, and only five made no errors

on tie transfer problen.

ERIC
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though taese daca would cugcest a dzficlenc
relational ¢iliicrence problem (pick the moe o diif
sistent with previouvs results and als L e
In another sauple of children who wer

learning a standard I-D provlem six ©
wiile one child, wno learnad the owiglial
ing, Cousequentiy the estinoie of
the S~D problen nmilde Jrom che dato s aor Cuudy, is

valid, A weslicaition, where nore LCALnidrs ave owlwaned on

is necessary.

Given tiwe high foilure ryote assocrlated with the two oddity variciions with
cur-year-olds, it was ifelt that any comparative situdies betﬂccn ace groups
would have to be limited to tvansfer from the simple I-D provlem to the other
two variacions, Pilot data was obtained from tzrec-year—olds who were first
taugnt an I-D problem and subsequently either the I-8 or §-D oddity display
vas praesent Eor 12 trials. The limiiod duta sugsest thov trensier (o these
s £

i~

W
varictions oi the perceptual array is less than that found for transier involv-
i

ing dimensional changes wherve the particular oddity display is not changed
(e.g. I-D color to I-D form). These pilot data will be followed up by an
experiment in which three~-, four=-, and five-year old children will be given
a tandard D oddicy problem and Lhc1 transfer will be assessed on either

S
the I-S oxr S-D oddity problen.

r
Summary

Oue of the concerns generating ciis investigat;ca was winether or not
transfer to related oddity displays could be performed by naive preschool
children. It can be concluded that such transfer is possible. road and
immediate transfer was found from all oddity cdisplays to the T-D and I-S odd-~
ity prcblems., Transfer to tne $-D oddity task was inconsistent across studi:s.
Cne follow-up sample did demonstrate excellent transfer to this task also
indicating a broad cogree of transfer. Such flexibility must imply a more
sopnisticated cognitive developwment tham would be characterized by such
descriptions as ‘simple associative' or 'automatic without cognitive inter-
vention’. It is also clear that oddity relationships which are not successfully
acquired when presented as original problems can be solved once the children's
perceptual apparatus is directed towards searching for similarities or identi-
ties and dilffecrences. Indeed, transier is so immediate that the application
of the previousiy learuned rule can occur without the necessity for any feed—
back regarding accuracy.

RIC
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sier between ' dimensions and type of p“eonntqtlon in a sta d I-D oddity
c

Experimeat 1
Lxperiment 1 taught a simple 7-D oddity oHronliar

pictures (uo picture used on one sul.wlus CLIG WL
card) to three-, four-, and Sive-yoor-ol. o&i
inziul pictures cut out {rom children's voois. Tha p"oo;cm Wos pIesented
to a criterion of 9 comsecuiive correct ycsponses or for a total of 30 trials.
Following acquisition, the children wio learued xe e showa 138 I-D oddity cards
which were made up from a pool of only three different pictures. Thus over

trials the same pictures reappeared, sometimes as the correct odd picture and
sometimes as the incorrect matching suimuli. A control group of children was
only shown the 18 card repeating picture condition.

Results

l. Considerin
sicniiicant e

<=
s
4,0 aad 4.1 re
o
A.

all the children vho entered the I-D problem, there was a
t of aoe9 with the four and five-yecr—-olds (mean errors =
cti vely) learning the task more easily that the three-year-

olds (wean er = 11.0). Since ouly five threes learned the task, with one

of these havinn a high errors to criterion score, while the other four learned
fairly rapidly, there was no comparison of learners only. The wide range and
few learucrs does not afford a stable estimate of three~year-olds performance
on this task.

2. The pexceuntage of children learning the task was consistent with the
previous findings. There were 8§74 (13/15) of the fours, 90% (9/10) of the
fives and only 33% (5/13) of the threes who learned the problem.

3. When the children's pe;formuhce on the first 138 trials of the stan-

dard I-D od. ity problem, was compared to the performance of the children on
the 18 trial control condition where the pictures were repeating, it was evi-
Uﬂn: that on both proolems, the threes were performing below the level of the

our~ and Iive-year-olds who were similar, but there were no other main effects
or inter-actions. The repeating pictures condition did not prove to be notice-
ably more Cifficult than the standard condition. aviny the same pictures re-~
appear over tri~ls as both correct (odd) and incorrect {(non odd) cues, which
set the stage for possible specific stimulus interference, did not result in
any unoticeablie increase in errors.

4. When trial 2 performance in the repeating pictures coudition was
exaemined wacre the previous positive and negative pictures were weversed,
the number of correct and incorrect choices made at each aze level in the
two oddity presentations, did not differ significantly. The largest differ—
ence was fouud for the threes but even this was only marginal (p<.10) and
o11y children who wi.ore not responding relati ally were considerec. That
ig, the deata Ifrom any child who mude no errors, or who made only on. error
on -Ae first trial was not coasidered. This rvemoved from comsideration all
children wiio had discovered the relational s tion before their selection
or trial two. There was thus no evidence fo. greater errors due (o specific
stimulus tracking interference in the wepeating pictures coudition.

ERIC
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5. Consideration was then given to the performance on the transfer task
of the learners of the original problem. When only the learners of the
first problem were considered, there was no longer any significant effect
due to age. The mean percentage correct responses for the threes,
fours and fives on the 18 transfer trials was 92, 95 and 98.

6. The transfer was lmmediate. Of the 27 children who learned the ori-
ginal problem, 25 made no more than 1 error and this was not on the first
trial. Thus, the transfer was not simply easier learning but rather an
application to the new situation before any further feedback had occurred.

7. Performance on the first six trials of the repeating pictures con-
dition for the transferring children was significantly better than that
of the control children on their last six trials. This comparison adjusted
for total oddity trials.

Experiment Il

In experiment II transfer from one type of presentation-e.g. repeating
pictures, to another type of presentation, e.g. non~repeating pictures, was
again examined but with an increase in the number of possible trials and
transfer assessed in both directions. The increase in trials was to see
if perhaps differences between the two types of presentations might become
apparent with a series longer than the 18 trials on which a comparison was
based in the first experiment. Also, the dimension on which the oddity
relationship was represented was also varied. Thus the odd picture could
elther have a single relevant dimension i.e. odd color, odd form, with the
other dimension constant within and between trials, or se-eral dimensions
could be relevant i.e. odd pictures, all aspects present and different
being relevant. Only three~ and four-year-olds were included since the big-
gest difference in Experiment I seemed to be between these two age groups.

The children were shown either a non-repeating pictures presentation
with cartoon (multi-dimensions relevant) pictures as stimuli until a cri-
terion of nine consecutive correct responses had been met or until 36 trials
had elapsed or they were shown cartoon, color or geometric form stimuli in
a repeating pictures presentation to the same criteria or cut off. Follow~
ing presentation of these first problems, the children from the repeating
plctures presentation (10 from each stimulus type group) were subsequently -
presented the cartoon stimulil in the non-repeating condition, and the 30
children given the non-repeating condition were divided among the three types
of stimulus types (10 to a group) and given this repeating pictures presen-
tation. An attempt was made to balance for number of learners and failures
assigned to the different conditions of transfer.

Results

1. Considering all the children who entered the original problem, and
considering both presentation types as first problem, there was again a sig-~
nificant effect of age. This resulted from the superior performance of the
four~year-olds (mean errors = 7.9) as compared to the three~year-old children
(mean errors = 15.2) on both presentation types as was found in Experiment I.

10



2. Considering all children, there was again no effect of presentation
type. The appearance of a specific stimulus as an odd cue on some trials,
and a non odd cue on other trials, did not lead to inferior performance.

3. When only learners were considered, the fours were still significant-
ly superior to the threes and there was still no difference between types
of presentation.

4. There was a greater percentage of failure Ss in the repeating pic-
tures condition but this difference was only significant when the two age
groups were combined. Considered separately, the largest effect was found
with the three-year-olds but the pass-fail difference between presentation
types was still only marginal.

5. As in Experiment I, an examination of possible performance differences
on trial 2 in the two types of presentation revealed no large increment in
errors assoclated with the specific cues reversal in the repeating pilctures
condition. The largest difference was again associated with the younger
children, but again only a marginal level of significance was attained. Given
that data from all children who made no errors or only first trial errors
was excluded, this provides strong evidence that there is not greater speci-
fic stimulus interference associated with the repeating picture condition.

6. The three-year-old children showed a significantly inferior per-
formance level compared to the four-year-olds, considering only the repeating
pictures condition as an original problem, and adding stimulus type (cartoon,
color, or form stimuli) as a variable of interest.

7. Although there were no effects solely related to type of stimulus
used in the repeating picture condition, a marginal interaction between Age
and Stimulus type was observed. The mean errors to criterion for the
three- and four-year-olds on the three stimulus types were:

Cartoon Color Form
3 14.8 19.3 14.4
4 7'1 6.4 14.4

The fours had difficulty with the geometric form stimuli while the color
oddity problem was most difficult for the three-year-olds.

8. Only a small number of three's learned the repeating picture condi-
tion. A learners only comparison was made solely with the four-year~olds.
Consistant with the stimulus effects observed in the interaction just men-
tioned wvhere all Ss were considered, there was a significantly higher mean
errors to criterion (5.0) associated with the form condition. Comparable means
for the cartoon and color conditions were only .86 and 1.14 respectively.
Although the mean for form is based on only four measures, the scores are falr-
1y homogeneous (i.e. 5, 1, 7, 7) and the trend is the same as that found with
all children considered.

11
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9. Considering the performance of the children who had learned the first
problem, when they were given ths transfer problem, therec were no significant
differences Leotween type of presentation. As in acquisition, performance on
the repeating picture transfer presentation was no different than that ob-~
served for the non repeating picture transfer condition. The dependent
measure l.ere was number of correct responses out of six on the first two
six trial hlocks. Since performance was nearly perfect for most children,
criterion of 9 consecutive correct was met almost immediately and there are
little data from trial passed the first 12.

10. Unlike the results of experiment I, there was still a significant
difference between the three- and four-year-olds on the transfer problem.
The me2a uumber of correct responses out of 6 for the fours was 5.8 and this
same score for the threes was 5.3. The means for these two age groups on the
two types of presentation were practically identical.

11. When stimulus type did not change (cartoon to cartoon) the data do
replicate similar conditions of experiment I. The mean errors made on the
first nine trials by the fours when transferring between presentaticn types
but within stimulus type (cartoon to cartoon) was 0.0 regardless of direc-
tion of the change. The three's had few learners but when these transferred
they averaged 1.C errors (N=3) going to the repeating pictures and .33 (N=3)
going to the standard non repeating picture condition. Again although these
are based on a vary snall M, the scores were homogeneous. As is evident,
there seems to be liitle difference between the two age groups.

12. Although transfer was generally good going from non-repeating cartoons
to repeating color or form problems, the four-year~old group had 1/23
children fail. This child was in the form group. The three-yesar~olds had
3/13 childzen fezil the transfer problem and all three were in the color group.
Thus, zltiiougn there are not a large number of poor performers on transfer,
the difficulty cbhserved for the two age groups was seen in the particular con-
ditions which were also most difficult as original learning problems.

13. Transfer of the fours from repeating pictures to the non-repeating
cartoon presentation was very good. One child failed to tramnsfer and he ori-
ginally learned the geometric form oddity problem. None of the seven threes
wilo lecarned the first task falled to transfer to the non repeating cartoon
pictures.

14, Yransfer performance cn the repeating pilctures condition of children
who had originally learned the nonrepeating pictures/cartoon stimuli oddity
problen and who transferrcd successfully. Given is the mean errors to cri-
tevion.

Cartoon Color Geometric Form Mumber Transferring
3s 1.0 (§=3) 0.0 (¥=£) 1.0 (N=3) 10/13
4s 0.C (W=8) 0.0 (=7) 0.3 (=7) 22/23

12
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15, Traunsier seviormonce ca the nen-reneaniag, sioiura/earcosnt. ol
olilty problem by the children wio Jigst Le.Unow Ong 04 Cad TepeLlin’ peilud™s
conditions and then transferred stecess vely. Given 19 the moeon errovs Lo
ritevion. Che scores are frouped Locolulng Lo che stimuius oype )

learnod.

Cartoon Colox Jor LIRS
s 0.53 {=3) 0.C (9=1)
4s 0.0 (=7} 0.4 (¥=7)

These data clearly do not support the idea that repeating specific
stinuli as odd and noa odd cues results in interference in young children's
oddicy performance. There was however, one highly relcvant condition present
in both these studies which may be The controiling fzctor. In both cexperi-~
ments beiove the children were prosenced Lne ropeatiang picture condivion,
Loy were warned that carticular pictures would reappear and sometimes these
would be the winner and sometimes they would not. Such preknowledge was
noz provided in the oider oddity studies. A follow-up experiment in which
this prewarning is either given or not given would clezr up the possibility
of whether or not :this variable pliays an imporiant role in the presence or
absance oi iunterferance effects f£fcm having idenctical pictures appearing as
both types of relational cues. Such an experiment is planned. If it turns out
a simple warning is sufficient to eliminate specific interference, then

G
é

this factor (specific stimuli interfevence) should be relegated to a less
amportant role in explaining cognitive development.

In 2ddition it is cleer that whea there is a nminimal amount of change
(presencation only) age eifects present in acquisition zre absent in transfer.
When these cre combined with stimulus change, then there arve still some
differences present in the transfer of three- and four~year-old children.
Although theve were some children who falled to transfer in the three-ycar-

1d group, it is still raiher impressive to note the number of turee-year-

olds who were egble to transfer across both presentation and stimulus changes.
Certairly suificient transfer was shown even by the three-year-olds to
support the idea that these younger children can hold a relational solution
and transicer to different situations well.
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Children's detection of perceptual and numericr? oroups im terms of identi-
cies and diffcrences: Some initial studies

Since younz children will often describe their solution of a standard
I~D problem in teuxms of ‘the twoncss of the identical pictures i.e. "There's
two of them' the question was raised as to whethoer they truly have a grasp
of both the perceptual differences bLetween the ifdeniticcel pictures axd whe
different picture, and the rumerical differences, namaly there afe two in-
stances of the incorrect cue and only a sinzle iastance of the couisoct cua,
Rastated, the odd picture is both perceptually different and numerically
different; there is only one of it and it is different from the other plc-
tures. Are young children aware of this dual attribute after they have
successiully performed on this simple oddity task?

Experiment I
The fivst study exumined acquisition of a stecndard oddity problem (using
12 x 18 inch cards) followed by transfer to a number oddity problem (12 x 18
inch cards) which displdyed two of one picture, two of another/picture and
one of a third picture. The individual pictures were spread over the eatire
card (see Tigure 2). Another group of children were first given the number
oddity problem and then the standard oddity problem.

Tesults

1. As first problems, the standard I-D oddity task was significantly
easler thon the nunber oddity set. This result was considering all child-
ren who started the tusk.

2. The number of learners in the two oddity types was 9/15 in the
standard task and only 4/15 on the number oddity set. Since the range of
scores of the four lcarmers in the number task was large (0, 1, 13, 13) the
sample 1s considered too small to make any estimates of expected errors to
criterion for children learning this task.

3. 0 the nine children who learnad the standard oddity problem, seven

of them transicerred to the number oddity presentation. The mean errors on
tne first nine trials (criterion was nine comnsecutive correct responses) was

only .43 for thnose seven children.

4. The four childéren who learned the number oddity task as the first
problem alil transferred perfectly to the standard oddity presentation. No
errors were made on transfer.

Experiment II
Tne Iirst experiment was encouraging Luc it was possible that the child-
ren had been usiang & perceptual solution oa the muber Uransfer task.
the~fact it was decided that they wight have seen mentally grouping one set
of identical pictures and comparing them to the single differen: pi e
and then doing the same thing for the other cwo identical picture. That is,

k. After—
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they michc have looked at the cards and thought sometlhing like "this picture
(cow) ds different than those two (hats) and it is e2lco different than

chese two (tices) so tiiis (cow) is the winas " In the sccond exwseri-
}bﬁt we sct up esscentially similar groupe "a nunber oddity presenta-
no uoss"bxl;*y foxr « u:rc‘;ku:l solution. & set of num-

bcr oudity cards wa kYol al coch G

in addition, cach ¢ b

two, and one {sce Fﬂgu~c 3). Onc g:cup ol o
standaud oddity follewed by 12 triais on o sec of wuaber cidivy cavdos. wie

other group of children were given 30 triels ca & sot of number oddity cazds

J i 2 number oddity transfexr cards shoun to the other group.
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In addicion, the standord task was taught oa the more commonly used 7 x 18 inch
ds WLiCh sresent the three pictures in a horizontal a:ray It seemed
re were more children who failed the sitandsrd task in the last
ment tinuan was expected. It was, therefore, deemed appropriate to go

the more commonly used size and presentatio“ in order to ontimize
Tie presentacions for learzning. At the end of the. s= 30 cards both

ildren were told they had ployed very weil znd now the gome was
goin; to be played with this other set of cards. Ko other explanation was
oficred. Childrea at a local nursery school who had not ‘participated in one
of the other oddity experiments were cssigned to one of the two groups. Dy
the time there had been seven childrea zun in each of the groups, it was
evident that no further children needed to be run (see Figzure 4).

'l-"

Results
(Mo statistical analyses as yet)

1. 8ix of the seven children learned the standard oddity problem within
the thirty triagl ilimit while none of the children in the number problem
learned the task within the same number of trials.

2. Vhen the 12 tz aﬁsfer trials were nreaen*ed there was no evidence
that the children had any notion of 'oneness'' or blnﬂleness" Their per-
formence fell to a level comparable to the numbexr group who had not solved
the problem by this time.

3. One of the six c¢hildren transferring from standard oddity did learn
the number problem after an initial three errors.

Although the pictures had been cut or pasted together in an effort to
acilitate the numerical groupings of these discrepant objects (groupings
two on a common white packground (see Figure 3) the transfer, or lack
it, indicated that the children did not go into those transfer trials
with any notion about the nuauerical qualities of the single/different winner
in the previous gane.

O Hh
s Fho Fh

[e]

Since these transfer data were inconsistent wirh the few -verbalizarions
given by the children in the initial transfer st udy, further experiments were

Tun sefowe ruling cut the possibility of a multi-attribute solution of the
perceplual oddity task.

RIC
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NUMERICAL ODDITY DISPLAYS
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ALL DIFFERENT PICTURES

SR
- 151‘, T)ﬂ

Figqure 3. Nxamnles of the numerical odditv disnlays using

different or identical pictureé.
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Emxperiment III

The newt experiment c nNos

ron the small (7 x 18) cards where itne array is a;ways
norigzontal <isplay, to thic number oddity puraescniciions or.
18) where the stimuli are A fhatd
strategies wmight boe oo
ment where some trar
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5. Awother two [
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group was given 30 nunber oldity toicis on L2 4 L0 cords Soilowed wy
‘als - .

ca an cacitional sot of large numbew cudi:y cards. o
3 Zivat oo suandavd oddity, learned the problem on the smell 7 l

11ch ca rcs, but tlen traasferred to a vegular oddity problem on the large

12 1 18 inch cards and “ly after meeting criterion on this problem were the
12 number oddity trizls given -om the large cards. Thus, if there were dny

. scemuing strategles whlch detrimentally eifected the possibility of showing

il
transier, these would no longer be preseat. Stretesies of scanning the pic-
tures would nave been switched on the sccond standord oddity problem.

Raguriis
{flo statiscical enzlyses yai)

1. Only one of thirteen children lecined the nuxbeyr oddity sets within
20 trials. Twelve of the fourteen children started on standard oddity
lcarned the problem within the first 30 trials. The remaining two iearned
the problem during the presentation of the large standard oddity cards so
that 14/14 children learncd the first siandard oddity problem before enter-
ing the number transier trials

2. Only four of fourteen cnildren learned the transfer problem. These
four wade C, 2, 4, and 6 errors to criterion.

it seemed that even when the possib ility of negative scanning strategies
was accounted for theve was still no large evidence of a multi-attribute
solution of the standard oddity problem. Four out of 14 is not a very larg
hit rate, nor was the number of errors made by the four learners very encour—
aging

Experiment IV

This cxperviment was concerned with the absoclutie size of the cards
d. Peli aps when the stimuli are spaced apart as they rust be on the
ze cards (éée Figure 2 or 3) the presentation is so poor for making re-
lﬂtional groupings that a numerical cue learned on the initial standar
task is just not perceived on the transfer irials, and so not applied.
Since no children to speak of were learning this numerical oddity problem
even when it was presented for as many crials as the standard problum {con-
trol group) it indicated that the display might be a poor one for making
such compardsons o ong the stinuli as are anecessory in ovder o become
aware of the velatilonships we

esciit, Bczore t"ying 0 assess trousicy, a
nuzerical di?play which four-year-olds co: on tial problem wao
needed. experimens in the serie The nunbcer cdddlty sets
cn 7 x 18 . carts, wacre all conparisons coe across & hovizonital array,

and preserced i
There werce 10 caildren in each o
triels. 7Tioe aurnLor display still used
F l(:oaped into seis of two, two, aad ona.
RI
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1. Dight of ten children leamed ohe gtondard odilty problem on large
cazds where multinle scans of wvaried dirzection are probably necessary and
only two o ton children learned the numbor cddity problenm niescented on the
prcsumﬂbly favorable dfuylav where caly horizontal scan

data were combined wi resuics ol standerd cd

g el cm - Lag MR,
CTIC TOOUITOG. i1Cse

and nunber oidity aeceisition on 1arge cards and the fouw srount aUe

scntcd in Figure 6. oSbviwucly the sice of Lhe cards, as Uio uighy relate to
percentual cocuparisons and Che u*ucovu“] of welacioaships goong the stimuli,

is not tie critical varieble controliing acquisition of these two oddit

Yusmeriment V

The finel study completed durinz the active life of this grant examined
onc more variabie which might be effcczing the ncquisition of the number
oddity task. Since children probab y hgye had *1tLle experience witn num-~
ericzl groupings per se, but a i

the degree o which oagch variation wag present as a )ossibic soluticn
mignt well coatrol itne ease with which the numerical “elauloﬁgnip would be
perceived. Therefore, en additional two groups of children were rxum on a
numerical oddity problem in which on auy oae cavd, 311 the pictures were
identical, but they were grouped again into o pdlrs and one single (sce
Figure 3). As before one oddity set used big cards {12 x 18) and one used
mall cards {7 x 18). Each number oddity type was presented for 30 trials.

o

.\V-S"‘.L”'S
(Yo statistical analysis yet periormed)

1. Having the same objecis on each card greatly reduced the difificulty
of the nurber cddity problem (see Figure 7). With the big cards, 9/14
learned the task ané on swiall cards 9/13 learned the problem. Criterion
was consicered to have been met if the children made nine consecutive correct
fizst responses.

Removing the variation in the objccts present on the card made the
numerical groupings more apparent to the child, although performance was
still not as good as that seen for children given a standard oddity problem.

Another experiment was run which, although executed aftexr the end of
the time of this grant, was based entively on the data obtained from these
studies. In that experiment, as one oI the groups, a numerical oddity
p*oblem was used in which aill the objects on a given card were identical,

hey wers grouped on small cards (7 x 18) into two, two and one, and furthermore,
the three oroun ings were separated by white lines to further eanhance the numeri-
cal groupings (see Figure 8). When this was dome, all of the tea children
started on the task le it. Most with only a few errors. This presen-—
tation will be used as a sfer problien to ccme afi
e

cew a sranderd oddity
preblen.,  lere is a presentation in which the numerical relsicionship is
salient to chiidren. After performance oa a zicadand cidity prodicm, cailde
rea wili be _ivea trials on this number display. Waatever the outccma, it

ERIC
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MEAN PERCENTAGE CORRECT RESPONSES

1-6 712 1318 19-24 25-30

BLOCKS OF SIX TRIALS

Figure 6. Performance of the standard cddity qroums (F)
and the numecrical odditv groups (M) on big (B) and

small (S) stimulus cards.
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Fiqure 7. Performance on the numerical (1) oddity nrohlem
with all victures on a card the same (S) or all different (D)
on either small (S) or big (B) stimulus cards. Also shown
is the performance of children on the standard (5) oddity

ERIC task on either small (S) or big (R) stimulus cards.
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is cercain thaet the tronsfer problenm will be displaying the number problem in a
rost advantageous light. If chiidrea learciny o standard odditcy provlem
have noticed tho numu;l"”l aspect of tue odd picture, then they should trans
fer to this numericcl puoesentetion. A cbsence of wraasfcr would make it

very unilikely thai cny cuach cue was being utilized ia standard cddity

prcwliem solution.

A1-“0L°n cumering oonuasyi : Cispiray were not
vroposced Iua the applicoi weeping with ¢he gencoal cuestion
[ : K 1

of concbp: vaL acquisiiio ic wes shown tha
are weil abla to learn sroblem whero the ider
dll:e“ﬂnccs cre defined in cevas of nﬂner’ca' groupinge

Lol -~
[

particular numerical display uced is ratherw ;est:;cha {two vs. two vs. ona)

t**ics and

- A‘... (e uu Tas

tne p rticular display was determined by che relationghin to a standard
oddity prob 1°m. lﬁa original question comceraed the nuuorical differcnces
ia a st anda oddity »roblem {two of chese--one of these) and wikether or not
they were pere ivch as well as the perceptual differences. Thus a transfer

taslk Auv1ng the same numerical characteristics (two vs. one) was necessary.
The two vs. two vs. oxe display retained the numerical g;xfercnces as welil
as the three cbject {groupings) characteristic.

Furiher work om a broader num;rlcal relaciconal proolem {its the different
nuzmerical grovping rvegardless of tie particular numerical instances used --—

dalyam

e.5. three vs. four vs. four; two vs. five vs. two; ole Vs. seven vs. seven,
ecc.) is currently being emplored. The foct that 211 the fours learned the

sizole number problem once the favorable display was determined and learned

&
it casily {(few exvors and trials to criterion) makes it likely that a large

percentage of thirees can also learn this simple presentation. If that proves
to be tiue, tuen this problem may serve as the basic one to get them on the
apprcpriate relational concept and transfer to more complicated numerical dis-
plays, as well as possidbly using that as a problem to go before a standard:
oddity display. It is possible that such might enable a larger number of
¢hildren to gzet on to the standard oddity problem and then other related
oddity problezs could be preseated following this (study in progress).

transfer from the simple numbey problem to the wore
truly cdcity qumbc prooien described chove ot be evident, (hen transier
sets will be devised to see what cue that single picture has taken on for
tiie chilidren. hat 1s have they learned to select the siangle instaence only,
or the smeller value or perheps scme wore complicated solution like the ome
tna. there zren't two of.

Shovld duivial

it would seea like a number of interesting studies concernad with the
acquisition ¢f and the inter-problem tramsfcr between percaptucl and numerical
ogalcy will come out of these initial experiments. Certalnly they a1l wiil
exploy several age vanges wherever cxpectancies for learning are such as to
encourage thelr inclusion. Heaningful transfer studies reguire Initial learning.

Q
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The ~orfoumonce of prescuocol chilaren ca soveral olilly cas.ts was cramingd
-

ror waderctand .oe Cocrationship botween curonological age

t
wnd both cequisition znd truansfer on ches ?G;u_iu-al nrceolems. It wac
o o

b

ctiffeuls to obtain u.rong evideace ating age diffcrences Lo porior

c¢iffcerenc t to the : rate associaced with

origincl ar cvc'rz'1 cddlizy ¢ 3 Vgwavay, Chove wvan some incioa-

cion that grences @ osipinal learcing task

vera lin'ua‘_" Lrastd Ly weduc transfer as long oo the

cianges i : asier € iayze. Waen severcl changes
ware madc clavi..: nansicn) some difference between
thioee= cad Zour-yo ar—old caildren seemed | gwnain.

T .
ColTac

»alicd on cha:ac;cL icentity alcone to foma the

tures, wos zufesior to ruar found waen the odd

ent from on Zdenticel pair of pic;ures. Agodin o alffcercaiial
tade incerpreccetion of the trmasfer data difficelt, but it appeared that
: cranefer frem all three oddily prescnta-lons to the
tonlard presc.acation and che variciion with two identical and one zimilar
picture. Transfer €5 tne hird variacics was not found in Chis study bu
gl

was oauu-nbu ca a susseaeont follow up.

t_a.\.-A-C was

-3

A foingl series of experimeats was run with mursery school children in-
vestiy..cing the possible pescesciorn of both the perceptual and numerical
dif’ﬁvcnc present in 2 standard eddity task as well as the variables
controliing initial acauisition of a numerical diffcrence probien. The

RS

eliminatrion vl perceptual differcnces was found o pe necessary before
perception of a ical ciif "cvbc was obtaincd., Transfer from a stancard
Aldity prublem, arences e one of thoe possivle ciifer-
ences theai can be usad to solve the problem {L.e. &wo of them aad one of
the otuar), to a numorical di"v-ay thfe & aumerical difference 1s the sole
I transicer displiay is cae found o
naxizize e percepiica o0F tac numerlcal iiEferences.

evalua-
<ion

PP ia rules
or T i i G0~
Segqul.LT prescnenoicns Iis fa{cry
then five.  Additional tr;;aing strc:eg-us &re bcidn sLUgleJ to trj ana

-enlozpe the transie iles of thiese taree- and four-year-old children

[
r bredch of perfovmance so as o get a clearer
ing cognitive conirol.

in an eliort to mawimi
-
1

picture oi their deve
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